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Objectives: To determine by literature review the effect of carotid endarterectomy (CEA) as a modulator of cognitive 
function in patients with carotid arterial disease. Derive recommendations f r tandardising cognitive testing of patients 
with carotid arterial disease. 
Design and methods: The English language literature was interrogated using a CD-ROM driven medline search using 
carotid endarterectomy and cognitive function as keywords between 1986-1995. These subsets were scanned and papers 
of direct relevance or commonality were selected. Cited papers prior to 1986 from these references were then sought 
directly. 
Results: There are few controlled studies reporting on the effect of CEA. There is no consensus in the literature for the 
effect of CEA on cognition or which tests hould be used. Studies reporting a benefit for CEA lack a control group and 
fail to eliminate the effect of practice. Reports uggesting cognitive impairment following CEA performed follow-up tests 
early. 
Conclusions: There are many methodological problems with the study of cognitive function before and after carotid 
endarterectomy and wide disagreement i  the interpretation f results. Further studies hould contain control groups, 
use tests resistant to practice and be performed when the effects of surgery and anaesthesia are passed. 
Key Words: Carotid endarterectomy; Cognitive testing. 
Introduction 
The link between extracranial arterial disease and 
stroke risk has been recognised since the 1900s. It was 
hypothesised that strokes were due to a lack of blood 
flow to the brain. 1 In the 1950s the first successful 
carotid revascularisation procedure was reported3 
More recent heories about the pathogenesis of isch- 
aemic cerebral events (non-disabling stroke, transient 
ischaemic attack and amaurosis fugax) related to ex- 
tracranial carotid artery disease have suggested that 
the mechanism is of atheromatous (e.g. Hollenh6rst 
plaque) or thrombotic embolism from the carotid ar- 
tery plaque to the brain. Surgery has been directed at 
the removal of the carotid plaque by carotid en- 
darterectomy (CEA) and in 1991 two multicentre con- 
trolled randomised trials described five- to six-fold 
reductions in stroke risk in symptomatic patients, 5
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years after carotid endarterectomy. 3'4 Much earlier than 
this, numerous investigators suggested that carotid 
endarterectomy could improve cognitive function. ~-18 
The endpoints in the assessment of patients with ca- 
rotid arterial disease has been neurological morbidity 
and death. It is apparent that these are not the only 
parameters that should be assessed with respect o 
CEA. It has been argued that CEA not only reduces 
stroke risk in symptomatic patients but also influences 
silent cerebral ischaemic events and improves cog- 
nitive function. If carotid endarterectomy improves 
cognitive performance, then this benefit will need to 
be included in any assessment of the efficacy of CEA. 
A recent consecutive series of patients undergoing 
CEA suggested that there were appreciable deficits in 
cognitive function on neuropsychological testing in 
some patients following operation; these deficits were 
not clinically apparent. 19The affected patients tended 
to have greater numbers of microembolic events at 
certain points during surgery (as suggested by trans- 
cranial Doppler (TCD) monitoring), than those who 
1078-5884/98/030195 + 10 $12.00/0 © 1998 W.B. Saunders Company Ltd. 
1 gG C.D.  Irvine et al. 
did not exhibit cognitive defects on testing. Neuro- 
psychological testing is currently the best method 
available for assessing changes in cognitive function 
following surgery. It is also the only current method 
of establishing the presence of subclinical neurological 
deficit. Almost all of the pre-existing literature suggests 
that CEA improves function or has no effect. The 
observation that CEA may impair the cognitive func- 
tion of patients and that this might persist is at odds 
with the previous literature. How can this be? 
Methods  
A review of the published English language literature 
on cognition and CEA is presented. The literature 
between 1986-1995 was interrogated using a CD-ROM 
driven Medline search using carotid endarterectomy 
and cognitive function as keywords, as this was most 
likely to provide articles of direct relevance to cog- 
nition in patients with carotid disease. All references 
from the intersection subset of these two keywords 
were examined in depth. In addition, the complete 
subsets themselves were interrogated toavoid the loss 
of other useful references. This provided an initial 23 
papers for review. Use of the cited references in these 
initial 23 papers allowed i entification of a further 35 
papers, some published prior to 1986. These papers 
were examined and 30 papers of direct relevance or 
commonality were reviewed and are cited. 
Results 
Cognitive tests 
The first report of CEA influencing cognitive function 
came from Williams and McGee in 1964. 20 Using the 
Wechsler Adult Intelligence Scale (WAIS) (Figs 1 and 
2), and Wechsler Memory Scale (WMS), Rorschach and 
Trail Making tests before surgery and 1 month later 
in six patients, they found some slight improvement 
in one patient but no significant improvement in the 
others. They felt that any changes in cognitive function 
were due to placebo effect. A later study also with six 
patients undergoing CEA found srftall improvements 
in cognitive function 14 using the complete Halstead- 
Reitan Battery including Trail Making test, Aphasia 
screening, and the Wechsler-Bellevue Intelligence 
Scale. Goldstein et al., however, concluded that these 
effects were much more likely due to practice or 
"test-retest" effects. Other investigators derived dif- 
ferent conclusions for improved cognitive test scores 
Fig. 1. Object assembly. A subset of the Wechsler Adult Intelligence 
Scale. Subjects are presented with a jumbled object and assessed on
their ability to arrange the object correctly. 
following CEA. The first group was Duke et al. in 
1968. ~6 They described 47 patients in three categories 
with large vessel disease requiring surgery, or large 
vessel disease not requiring surgery, or small vessel 
disease. Each patient underwent cognitive testing at 
the start of recruitment and again some months later 
(the large vessel group requiring surgery having 
undergone operation). Neuropsychological ssess- 
ment was carried out by using the WAIS and the 
Halstead-Reitan Trail Making and Finger Tapping 
tests. Improvements were seen in the large vessel 
group undergoing surgery and in the small vessel 
group, but not the large vessel group without surgery. 
The conclusion drawn by the authors was that some 
of the improvements in test scores were practice related 
but that surgery prevented further cognitive de- 
terioration in the unoperated large vessel group. It is 
clear from these three arly papers that there is a 
heterogeneity in the types and number of cognitive 
tests utilised by different authors. Tables 1--4 provide 
detail as to the tests used by past investigators to 
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Fig. 2. Block design. A subset of the Wechsler Adult hztelligence Scale. 
Subjects are presented with blocks and assessed on their ability to 
arrange the blocks to match the picture correctly. 
assess neuropsychological function. There are no less 
than 35 tests in the 22 references making up these 
tables. The WAIS and latter versions are most com- 
monly used in conjunction with mood assessment. 
The heterogeneity of these tests makes generalisation 
as to the type of impairment orimprovement following 
CEA difficult. It is not the lack of consistency in the 
tests used that explains the differences in results, as 
there are more fundamental problems with cognitive 
testing design in patients undergoing CEA. 
Problems with studies 
The paper by Duke et aI. 16 set the tone for numerous 
other studies reporting improvements in cognitive 
function following CEA 5-1:'15'17'18'21 (Tables i and 2). The 
theoretical basis for these findings proposed by the 
investigators was that CEA does not prevent cognitive 
deterioration but that it actually improves cognitive 
function by increasing blood flow. This contrasts 
sharply with more recent work suggesting a de- 
terioration in cognition following CEA (Table 3), 11'19'22 
one paper suggesting that this is due to micro- 
embolisation at operation. 19 There are a number of 
methodological nomalies in these studies. These 
methodological discrepancies explain the differing 
conclusions of these studies. The anomalies fall mainly 
into two groups: (1) lack of control groups, (2) in- 
consistent methodologies in study design. 
A number of the earlier studies on CEA and cog- 
nitive function had no control for the effect of disease, 
surgery/anaesthesia or practice effects. The reason 
that some studies failed to use a control group 7'12'm5-18 
may have been difficulty in the selection of rep- 
resentative controls. The possibility of randomising 
patients with symptomatic carotid disease (>70% dia- 
meter stenosis) to surgery or best medical treatment 
is no longer possible, as most patients fit for surgery 
should be offered CEA. Patients with peripheral vas- 
cular disease undergoing lower limb revascularisation 
may be suitable as controls for the effect of surgery/ 
anaesthesia f they are demonstrated to be free of 
significant carotid arterial disease and cerebral isch- 
aemic symptoms. One study uses CEA patients under- 
going surgery for "haemodynamically insignificant 
lesions" as controls for patients with severe bilateral 
disease undergoing cerebral revascularisation via 
CEA. 17 The absence of control groups selected by 
standard methods is the most intractable method- 
ological flaw in those studies in Tables 1 and 3, and 
its presence makes firm conclusions about cause and 
effect impossible. 
Few of the investigators have controlled for the 
fact that subjects improve their cognitive score with 
practice. 7'12'13'15-18 There are a number of possible ways 
for controlling for practice ffect. In general, practice 
effects are minimal if patients are not reassessed for 
at least 3 months, especially if tests resistant to practice 
effects are used .(e.g. digit symbol). 27 There are theor- 
etical arguments for not assessing patients in the im- 
mediate postoperative period. Early postoperative 
testing produces poor performance, 2. which is not 
indicative of a change in cognitive function as the 
incentive for patients to engage in the tests is very 
low at this time. The additional advantage of not 
testing patients in this period is that the effect of 
learning is reduced, so impaired performance in the 
postoperative p riod is more likely to be revealed. The 
simplest method of controlling for the effect of practice 
is the addition of a control group. Some investigators 
have used parallel tests, i.e. tasks from the same battery 
that retest a cognitive function but that are new to the 
subject. 9 Not all of the tests used, however, have 
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Table 1. Uncontrolled studies with improvement in cognitive function after CEA. 
Author Year Study no. Postop test Tests and data analysis used Outcome 
Goldstein et al. 14 1970 6 3 months 
Rosenstock 1978 3 case reports Not available 
et aI. s only 
Perry et al. 6 1975 20 consecutive 3 months 
Bennion et al. 21 1985 53 some stroke 3-7 days 
patients 
Mononen 1990 30 2 months 
et al? 
Horne and 1974 16 case reports "a range of ... 
Royle ~° times" 
Hemmingson 1982 25 8 months 
et al. 9 
Owens et al. 1~ 1980 28 3-6 months 
Complete Halsteaad-Reitan battery including trail 
making test, aphasia screening, and Wechsler- 
Bellevue Intelligence Scale 
F test 
WAIS, closure flexibility, closure speed, Rey 
Auditory Verbal Learning Task. 
No Data analysis 
Halstead-Reitan battery 
T score data analysis 
Ravens matrices, finger tapping, spatial orientation 
arithmetic, voculabulary, and STM tests 
Fischer's 2 tailed t 
Word fluency, Stroop colour test, serial learning, 
digit span, facial recognition, visual memory test, 
Cronholm recognition 
Student 's  t-test 
WAIS (short form), WMS, and BVRT 
No data analysis 
Word pairs test, story recall, visual gestalts, BVRT, 
RTMT, word fluency, digit span, WAIS 
Paired t-test 
Ravens matrices, finger tapping, spatial orientation 
arithmetic, vocabulary, STM, short interval time 
perception 
Data analysis not g iven 
Slight global 
improvement, 
attributed to practice 
Ali improved, some 
dramatically 
50% improved 
Later test scores 
return to pretest 
TIAs only improve, 
lateralisation effects 
noted 
Most improved 
Abbreviations: WAIS  - Wechsler Adult Intelligence Scale; BVRT - Benton Visual Recognition Test; MMPI  - Minnesota Multiphasic 
Personality Inventory; RTMT - Reitan Trail Making Test; WMS - Wechsler Memory Scale; STM - short term memory. 
Table 2. Controlled studies with improvement in cognitive function after CEA. 
Author Year Study no. Postop test Tests and data analysis used Outcome 
King et al. 12 1977 11 cases (? 6 weeks WAIS - verbal compression and perceptual 
CVA/TIA pts) organisation (Cohen), trails test, MMPI 
8 controls Student 's  t-test 
(surg) 
1986 31 cases (TIAs) 3 months 
and 11 PVD 
controls 
Hemmingson 
et al. ~3 
Bornstein et al. 15 
Haynes et al. 7 
Duke et al. 16 
1981 55 cases TIA 6 months 
and strokes), 
27 mixed 
controls 
1976 17 6 weeks 
1968 47 in total see 10-19 months 
text for case 
and control 
Kelly et al. ~8 1980 17 cases (TIAs 
only) and 17 
PVD controls 
Jacobs et al. ~7 1983 
4-8 weeks 
Visual gestalts, word pairs test, story recall, WAIS 
(digit span, digit symbol) trail making test 
Wilcoxon's test (paired) 
Coupled wi th  CBFMann-Whi tney  U-Test 
Halstead-Reitan neuropsychological b ttery, WAIS, 
WMS, other unspecified tests, MMPI 
Chi-squared and Wi lks lamb& 
WAIS (Cohen's ubtests only), trails test, MMPI 
(short form), State-Trait anxiety inventory 
Student 's  t-test 
WAIS, trail making test, finger tapping test 
"... tests for  correlated scores" 
Improvement in
perception and 
confidence 
Verbal and spatial 
test improvement in
cases only. No 
correlation with CBF 
CVA pts but not TIA 
improve with respect 
to controls. 
Laterlisation. 
Global Improvement 
Lessening anxiety 
and depression 
Improvement due to 
practice. CEA 
prevents 
deterioration? 
Significant 
improvement in only 
1-2 of many tests. ? 
chance 
WMS, MMPI, Benton word assoc, Peabody picture 
vocab, test, tests of stereognosis and praxis, mini 
mult etc. (see ref.) 
ANOVA and "Tukey Honest ley 
Signif icant Difference Test"  
12 "cases and 1 week, 1 Buschke's elective reminding procedure, trail test, Improvement but the 
controls" see month, 3 digit symbol substitution, sensory percept exam, choice of control 
text months, 6 Finger Tap group open to debate 
months ANOVA 
Abbreviations: WAIS  - Wechsler Adult Intelligence Scale; WMS - Wechsler Memory Scale; STM - short term memory; ANOVA - analysis 
of variance; MMPI  - Minnesota Multiphasic Personality Inventory; RTMT - Reitan Trail Making Test; CVA - cerebrovascular accident; 
CBF - cerebral blood flow; PVD - peripheral vascular disease. 
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Table 3. Studies demonstrating impairment of cognitive function after CEA. 
Author Year No. of Time of Tests and data analysis used Control 
patients Postop test group 
Owens et al. 11 1980 28 3-10 days Ravens matrices, finger tapping, No 
spatial orientation, arithmetic, 
vocabulary, STM, short interval time perception 
data analysis method not  given.  
Cushman 1984 22 initially <3 days, SSEPs, WAIS, WMS No 
et al. 28 then some repeated (Russell's revised), Buschke's elective 
at 4-12 days Reminding Procedure, trial making 
(mean 4 days) test, digit symbol substitution 
test, Reitan finger tapping test, 
Reitan sensory-perceptual examination 
Mann-Whi tney  U-Test  
Gaunt et al J  9 1994 91 WAIS, plus others? No 
No pre- vs. postop statist ical 
analysis,  37 pat ients showed 
some impa i rment  off -unct ion 
5-7 days 
Abbreviations: WAIS  - Wechsler Adult Intelligence Scale; WMS - Wechsler Memory Scale; STM - short term memory; SSEP 's  - 
somatosensory evoked potentials. 
Table 4. Studies demonstrating no improvement in cognitive function after CEA with respect to controls. 
Author Year No. of Time of Tests and data analysis used Control group 
patients Postop test 
Parker et al. 29 1983 51 patients 6 months WAIS, WMS, Halstead-Reitan 
subdivided into neuropsychological battery, 
one case group sickness impact profile, profile 
and two control of mood states 
groups 2 way ANOVA 
Casey et al. 22 1989 24, 12 cases and 2 months WAIS, WMS, modified Knox 
12 normal controls cube test, finger tapping test, 
Two-point discrimination test, 
visual search test 
Data analysis by 1 way and 
2 x 3 ANOVA.  
Boeke et al. 39 1981 15 cases and 15 4 months Medical psych, questionnaire for heart 
cholecystectomy patients, reaction time, Reitan finger 
controls tapping, fluency 
Matarazzo 1979 17 cases, 29 6 weeks WAIS, and Halstead-Reitan Yes, but no major 
et al. 27 healthy controls, neuropsychological b ttery surgical controls 
16 patients with Data analysis by 2 x 2 ANOVA 
cerebrovascular 
disease, 35 
schizophrenics 
Yes, surgical 
group and non-surgical 
group withcarotid 
disease 
Yes, but the control 
group did not have 
surgery or carotid 
disease 
Yes, 
general surgical 
Abbreviations: WAIS  - Wechsler Adult Intelligence Scale; WMS - Wechsler Memory Scale; ANOVA - analysis of variance. 
parallel testing possibilities. Practice effects can pro-  
duce gains of up to 0.75 of a standard deviation, 2sin a 
significant effect when statistical analysis is performed. 
Such gains due to practice are more commonplace  
than are realised, especially in first t ime subjects. 25 The 
danger  is that investigators may interpret significant 
improvements  in test scores as due to intervention, in 
this case CEA, rather than the true effect of practice. 
The only absolute method for control l ing the grosser 
consequences of practice effects is to use parallel forms 
in every new session, including pre- and post-inter- 
vention. This opt imum approach as not to date been 
carried out in the clinical field, possibly because of the 
contraints of t ime in clinical practice. Of particular 
note with respect o the lack of controls are the results 
of Bennion et  a l .  21 These investigators found an early 
improvement  in cognit ive funct ion that later dis- 
appeared on retesting. Such results may be explained 
by an early lack of engagement,  practice and fatigue, 
but not by  the effects of surgery. They seem to chal lenge 
the claims of many  investigators} m9'26 Quite apart f rom 
the control problem, any review of cognit ive testing 
is made more difficult because many methodologica l  
anomalies exist between studies. 
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Variable retest points 
The incidence of intellectual change varies depending 
on the sensitivity of the methods used and the timing 
of postoperative assessment. The retest times vary 
from 3 days to 8 months, and two studies do not detail 
the retest times. 1°'5 This heterogeneity of retest imes 
makes assessment of the degree of improvement dif- 
ficult. All of the studies in Table 3 describe cognitive 
deficits following CEA.  11'19'26 If CEA impairs cognitive 
function, this would have implications for risk assess- 
ment for all patients with symptomatic nternal carotid 
artery disease about to have surgery. This would be 
especially so if such impairment proved reproducible, 
functionally important and lasting in the majority of 
patients who do not exhibit neurological impairment 
after CEA. The studies in Table 3 have two important 
similarities. They have all used testing at a very early 
stage after major vascular surgery (always under 10 
days); indeed the majority of tests were carried out 
less than 7 days after surgery. None of these studies 
employed control groups. Despite assertions that 
patients were "fully alert ... and taking only par- 
acetamol analgesia", ~9 it is impossible to discount he 
effects of surgery and anaesthesia on cognitive per- 
formance in the absence of a control group. The sug- 
gestion that surgery or anaesthesia may affect early 
postoperative cognitive function is supported by the 
finding of Cushman et al. that postoperative cognitive 
deficits correlate with intraoperative ischaemia s de- 
termined by somatosensory evoked potentials 
(SSEPs). 26 Owens et al. studied cognition both at an 
early stage (3-10 days) and at a late stage (3-6 
months) ~1. They found early cognitive deficits in 
patients after CEA but these disappeared on late testing 
in all patients except those who had demonstrable 
postoperative neurological deficits. Indeed, a number 
of cognitive scores improved over baseline at late 
testing. There is circumstantial evidence that the post- 
operative cognitive deficit noted in patients after CEA 
is reversible in all but those that have suffered an 
intraoperative neurological event. The study by Gaunt 
et al. 19 lacks a control group and late follow-up, but it 
suggests a correlation between microemboli detected 
by TCD in the dissection phase of surgery and poor 
immediate postoperative cognitive scores. The authors 
inferred that patients experiencing large numbers of 
microemboli during surgery performed less well on 
cognitive tests as a result of the cerebral ischaemia 
that would have resulted from microemboli. It is in- 
teresting to recall that Cushman et aI. found a similar 
correlation between cognitive scores and SSEPs (an 
indirect measure of ischaemia), but that these findings 
were also confounded by the proximity of cognitive 
testing to surgery, a6 The study by Cushman et al. also 
lacks late follow-up. Perry et al., testing at a later time 
scale, found no correlation between increase in stump 
pressure (as an indication of increased cerebral blood 
flow) and improved cognitive scores. 6The causes of 
cerebral ischaemia during surgery may be from em- 
bolism, lack of cerebral perfusion, intracerebral throm- 
bosis or cerebral haemorrhage. While the aetiology of 
cerebrovascular symptoms following CEA (embolism 
or cerebral perfusion) in any individual patient re- 
mains uncertain, so will the aetiology of any cognitive 
deficit. The study by Owens et al. 11 demonstrated a 
recovery in cognitive function in patients with normal 
neurology following surgery. This finding supports 
the idea that when the recent effects of anaesthesia 
are eliminated then the cognitive abilities of patients 
who have undergone some degree of cerebral isch- 
aemia can return to normal. 
Mood~anxiety assessment 
Only the study by Haynes et al. has monitored mood 
in these patients 7 and none has assessed mental health. 
It is well recognised that all cognitive function testing 
is motivation dependent and subjects can quickly tire7 
In addition, improvements in cognitive functioning in 
patients with preoperative poor mental health will be 
spurious. A number of investigators have dem- 
onstrated that a significant number of patients had 
depressed mood states before surgery. 7'12"18'a8 The 
results relating to these patients should be treated 
separately or discarded, as the retest concordance in 
those patients with mood disorders is unreliable. 27 
Statistical analysis 
Not all of the studies had protocols or patient numbers 
that allowed statistical analysis. TM Furthermore, not 
all of the studies give details of the statistical analysis 
used .  16 A number used Student's t-test (paired or 
unpaired). 7-9'12 These studies concluded a positive 
effect for CEA on cognition on the strength of these 
relatively simple statistical analyses. A more soph- 
isticated way to assess intergroup variation would be 
by analysis of variance (ANOVA). When this more 
stringent statistical method was used by other in- 
vestigators they were unable to demonstrate cognitive 
improvement after CEA.  27-29 In addition, great care 
must be taken in the interpretation ofsmall statistically 
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significant differences in neuropsychological s- 
sessments. Recently Myers and Well have warned of 
the possibility of a type 1 error arising from the use 
of tests such as Student's t-test on data that is derived 
from the application of multiple tests to the same 
subject group, s° They suggest that differences between 
means must be of sufficient strength to allow for what 
is known as the "family factor" - contrasts that arise 
because the data source is from the same patient base. 
It is recommended that data of this kind be analysed 
by Dunnett's test 31 or similar measures that allow for 
the "family factor". This has been performed in only 
one study, isFurthermore Myers and Well suggest that 
all data should be subjected to a rigorous analysis of 
covariance and the test-retest reliability is described, s° 
Matarazzo et al. publish their test-retest results and 
echo the call for similar data in this type of study. 29 
Clearly this is a field that requires pecialised statistical 
advice both in the design of studies, their execution 
and the intrepretation f results. 
Patient selection 
There is a wide range of cerebrovascular disease in 
the patients included in these studies. Many studies 
include patients with minor strokes. It has been argued 
that the natural history of patients that have suffered 
minor strokes is to improve cognitive scores as they 
recover. 27 While recovered stroke patients undergoing 
CEA are initially much more vulnerable to the effects 
of anaesthesia, they will improve their cognitive scores 
with time. This would spuriously lead to the con- 
clusion that CEA improved cognition. One study, how- 
ever, did subdivide the data into minor stroke or TIA. 8 
Mononen found that there was improvement in the 
TIA group only and that the cognitive improvement 
was hemisphere specific (lateralisation). This is to say 
that patients improved only on cognitive tests that 
were dependent upon the function of the cerebral 
hemisphere ipsilateral to the internal carotid disease, 
e.g. right handed patients undergoing left CEA im- 
proved on visuo-spatial tasks. Other investigators have 
also suggested that cognitive improvement is hemi- 
sphere specific. 13'1s'~6 These findings suggest hat cog- 
nitive improvement after CEA may well be side 
specific and not global. This implies that data handling 
may well need to be symptom and side specific despite 
the decreased statistical power that data subdivision 
gives. 
Assessment of older patients 
Symptomatic carotid artery disease increases with age 
and most of today's patients are over 70 years of age. 
Fig. 3. Picture boards. The Kendrick, Cognitive tests for the elderly. 
Subjects are asked to remember veryday items from large, easy to 
read picture boards and scored on their ability to recall these items 
accurately. 
Previous studies have not allowed for the effect of 
bias due to age-related changes. Improved assessment 
of the elderly patient can be achieved by obtaining 
the maximum information from the minimum number 
of tests, as older subjects tire quickly, s: In addition, 
the use of user friendly tests (e.g. Kendrick s2) (Fig. 3), 
and the screening for depression, anxiety and dementia 
will improve the reliability of test scores. Many of 
the papers reviewed use the WAIS and WMS, which 
require considerable testing time and include re- 
dundant information. It is recognised that the elderly 
experience a diminution in working memory and in- 
formation processing speed. 3s The work by Cattell 
shows that while the elderly perform tasks that rely 
on the previous experiences a  well as young subjects, 
those tasks that rely heavily on working memory 
are vulnerable to age-related change. 34Carroll in a 
comprehensive work on intelligence describes the cur- 
rent theories of intelligence and which areas are im- 
paired in the elderly. 35 What is needed is smaller 
numbers of the most sensitive tests which test the 
most vulnerable abilities such as the combination of 
concentration a d psychomotor speed (e.g. digit sym- 
bol subtest of the WAIS). 
Lack of coherent heoretical frame 
There is a theoretical inconsistency. Some studies argue 
that CEA improves cognitive performance by re- 
moving stenotic internal carotid artery plaque, and 
restoring a normal cerebral blood flow. The one study 
that measured stump pressures, however, could show 
no correlation between increased cerebral blood flow 
and improved cognition. 6 A further study deriving 
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cerebral blood flow from photon emission CT scanning 
could find no correlation between improved cognition 
and increased cerebral blood flow. 13 Two investigators 
have reported that bilateral carotid artery occlusion 
does not effect cognition. 36'37 Recently it has been dem- 
onstrated that early cognitive deficits following CEA 
correlate with the number of intracranial microemboli 
detected by transcranial Doppler (TCD) in the dis- 
section phase of surgery. 19The hypothesis that CEA 
may prevent cognitive deterioration by removing the 
source of recurrent embolisation remains an attractive 
one. How effectively to test it, in view of the problems 
of control, test variation and technical variations just 
cited, is not a simple task. The one consistent finding 
from these studies is that the cognitive scores, over a 
wide range of tests, for patients coming to CEA are 
below age-matched averages. 5'6'9 This finding is sup- 
ported by two further studies that did not look at 
the effect of surgical intervention but studied the 
possible additive effect of cerebrovascular and 
cardiovascular disease on cognitive function 38 and a 
wide range of cerebral revascularisation candidates, 
not just endarterectomy patients. 28Both of these 
studies found significant cognitive impairment in 
these groups, although there did not seem to be an 
additive ffect for both cerebrovascular and cardio- 
vascular disease. 38 
Effect of CEA on cognition 
Some well controlled studies found that CEA does not 
improve or impair cognition. 22'27'29'39 These studies are 
summarised in Table 4 and all show improvement in
cognitive scores from levels below age-related norms 
before CEA but no improvement in cognitive scores 
after CEA with respect o a control group. All of 
the investigators concluded that improved cognitive 
scores found both in experimental nd control groups 
were due to practice ffects. Three of the four studies 
employ similar cognitive tes ts .  22'27'29 There are, however 
differences in length of follow-up and the type of 
control group used. Both Casey et aI. 22 and Matarazzo 
et 11l. 27 control their studies with reference to normals. 
As educational status, initial cognitive score, mood, 
general anaesthesia and concurrent disease are all 
likely to affect performance on cognitive testing, it 
would seem that there are other variables that are 
uncontrolled for in these two studies that could con- 
found the results. The study by Matarazzo et al. does 
also utilise two additional control groups, one with 
cerebrovascular disease and no surgery and also a 
schizophrenic group. The results for all four groups are 
remarkably similar, although there is only a minimal 
practice effect in the schizophrenic group and this 
group also exhibits ahigh level of individual variation 
as might be expected. The cerebrovascular disease 
group does, however, help control for concurrent dis- 
ease, mood and initial cognitive score. The absence of 
a control group undergoing eneral anaesthesia and 
a surgical procedure is noteworthy. Matarazzo et al. 
state: "the four groups are not well-matched samples, 
but rather are, at most, crude comparison groups". 
The study of Boeke et al. contains a general surgical 
control group alone. 39 The one study that contains 
appropriate control groups (cerebrovascular disease 
and general surgical patients), a wide range of cog- 
nitive tests, and mood assessment is that of Parker et 
111. 29 This study revealed no improvement in patients' 
cognitive function after CEA with respect o either 
control group and there was no "protective ffect" of 
CEA versus non-intervention in patients with dem- 
onstrated cerebrovascular disease as suggested by 
Duke et 11l. 16 
Discussion 
In 1977 Asken and Hobson in a publication entitled 
"Intellectual change following carotid endarterectomy, 
subjective speculation or objective reality: a review" 
reviewed the then current literature 4°. They stated 
that "the most important concern ... is for the failure 
to use control groups". This unfortunately is still a 
valid criticism of many studies that followed this 
review. 8"9'11'19'26 They also stated that "in the light of the 
available data, the only conclusion which may be 
drawn safety is that the question of intellectual deficits 
associated with carotid arterial disease and that of 
the restorative versus prophylactic benefits of carotid 
endarterectomy remain unanswered". Although some 
studies contain control groups, only the study by 
Parker et al.  29 contains the appropriate control groups 
- a general surgical group and an unoperated group 
with cerebrovascular disease - to allow conclusions 
about practice effect. None of the studies showing 
early postoperative cognitive deficits have control 
groups and surgery and anaesthesia are in- 
surmountable confounding variables. In addition, pre- 
vious studies have failed to account for the age of the 
population tested, their mental health, and the need 
for optimum sensitivity in the neuropsychological 
assessment. 
This is not to say that we cannot gain any positive 
information from these studies or learn from earlier 
mistakes. There is strong evidence for cognitive deficits 
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in patients with carotid arterial disease prior to surgery 
which  suggests ongoing cerebral ischaemia. There is 
also evidence for lateralisation of deficits to specific 
hemispheres.  The unanswered  quest ion is whether  
CEA prevents further cognit ive impairment,  tran- 
siently increases cognit ive deficits or has no effect 
on age-related cognit ive defects. Researchers with an 
interest in this area should be careful to undertake 
preoperat ive testing which is either repeated or re- 
sistant to the practice effect (e.g. the digit symbol  
subset of WAIS), fo l lowed by  early and late post- 
operative testing. Appropr iate  control groups  should 
be selected with care. Cognit ive tests need to be care- 
ful ly chosen to detect rue cognit ive deficits that wou ld  
alter dai ly function. Mental health assessment wou ld  
be included. TCD monitor ing to evaluate increases in 
middle cranial artery velocity and embolic phenomena 
wou ld  prov ide valuable addit ional information. Data 
analysis should need to be stratified for symptoms 
(TIA versus stroke) and  also for side of d isease to 
take into account  the effect of lateral isation. It is 
recommended that the data be ana lysed  by  Dun-  
nett 's  test 31 or s imilar measures  that  a l low for the 
" fami ly  factor".  All  data shou ld  be subjected to a 
r igorous  analys is  of covar iance and the test - retest  
rel iabi l i ty descr ibed.  Special ised statistical advice 
shou ld  be sought .  Such studies wou ld  a l low "ob-  
jective real i ty"  to replace "subject ive speculat ion" .  
Clearly there must  be a balance between these ideals 
and what  is possible in practice. Assessment of the 
effect of CEA on the cognit ion of patients requires 
large numbers  of alert, mot ivated patients, free f rom 
mood disorder and the recent effects of surgery. Com- 
promise will inevitably exist as subgroup analysis with 
respect to symptom and side will split patient data 
and reduce reliability unless very large numbers  of 
patients are tested. Tests must  be understood by the 
patient, prove to be reliable and resistant o practice. 
The WAIS is most  commonly  used but  more sensitive 
tests with parallel forms may be what  is needed in 
the future. 9Control  groups for the effect of surgery (e.g. 
patients undergo ing infra- inguinal arterial bypass) and 
disease (e.g. asymptomat ic  patients) should be em- 
ployed. Statistical analysis must  be rigorous. 
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